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@ A multifunction nieter for use in en aircraft 



@ An indicator monitor (114) whichi performs a 
plurality of functions. Both engine exhaust gas tem- 
perature (134) and engine rpm (116) are monitored. 
Based on the engine rpni, it is determined (338) 
whether the engine is in starting or operating con- 
dition. Different parameters and different values are 
used based on this indication. A plurality of different 
functions including parameters indicative of tempera- 
ture in rpm can be monitored by this one meter with 
a single display (172) and which has electronics 
(114) that can be housed in an area (217) smaller 
than the display face (172). 
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A MULTIFUNCTION MBTER FOR USE IN AN AIRCRAFT 



HELD OF THE INVENTION 

This invention relates to a multifunction meter 
specially adapted for use in an aircraft. More sp^ 
ciflcally. this meter can display a pluraiity of dif- 
ferent conditions to the user, yet taices up the 
space of only one instrument in an aircraft tnstru* 
ment panel. 



BACKGROUND OF THE (NVENTION 

The many systems and parameters which must 
be monitored during the flight of an aircraft, require 
an cockpit to be crowded. Some of the most Impor- 
tant indicators are located in the cockpit on the 
instrument panel located where a pilot can easily 
view the indicators on a continuous t>ase. Each 
instrument typically monitors one information value. 
These many indicators are necessary in order to 
allow monltortng, by a pik)t of the various engine 
parameters and the environment of the aircraft 
However, the large number of such indicators ne- 
cessitates a very large instrument panel, making 
the cockpit area confusing and hard to wire. 

U.S. Patent 4,575,603 teaches a microproces- 
sor controlled, single display engine monitor and 
recorder which generates excessive temperature 
alanns, stores the length of time over predeter- 
mined temperatures, and indicates total engine 
hours. U.S. Patent 3.593.012 teaches an engine life 
recorder system which generates excessive tem« 
perature alarms, excessive speed alarms, and also 
integrates the speed and temperature signals to 
generate an engine fife cycle value. TTiis recorder 
system also displays total engine running time. 
However, according to this patent, each of these 
displays requires a separate display face. U.S. Pat- 
ent 3.250.901 also teaches integration of tempera- 
ture and engine rotation speed characteristics. 

However, all of these patents are relatively 
disadvantageous because tftey only display a rela- 
tively small number of different functions. Further- 
more, since each instrument typically receives only 
a single input parameter, monitoring of peaks. Gnrv- 
its. and percents of temperature can only be 
roughly estimated. This is because different refer- 
ence levels are applicable for different operating 
conditions of the aircraft engine. For instance, when 
an engine first starts up. it will te nonmal for the 
engine to operate hotter than it will operate during 
nonnal operation. Therefore, an over-temperature 
alarm should occur at a different level dunng start- 
ing than it should occur during operating of the 



engine. Similarly, if total time above a aanger tem- 
perature is to be recorded, this danger level should 
be changed based on whether the engine is stan- 
ing or operating. 

s According to the present invention, this is ad- 
vantageously effected by monitonng parameters 
related to both rotational speeo and temperature of 
the aircraft engine. The rotational speed can be 
detected to detemiine if tiie engine is in start or 

10 operate condition. The temperature can then be 
compared witii a threshold that vanes t>ased on 
v\rhether \he engine is starting or operating. 

None of the prior art has an indicator with a 
single display that displays values relating to both 

15 temperature and rotational speed of the aircraft 
engine. U.S. Patents 3X50.901 and 3.593.012 do 
monitor botii rotational speed and temperature in 
the same indicator assembly. However. *901 only 
displays engine life cycle, and *012 displays dlf- 

20 ferent parameters on different monitors. Since dif- 
ferent monitors are used, extra space on the in- 
dicator array Is necessary. Furthermore, neither of 
tiiese patents teach using tiie rotational speed to 
determine a starting or operation state, and to 

29 choose a reference, based on rotational speed, with 
which temperature will be compared. 

Furthennore. none of these meters enables a 
pluraiity of functions as complex as those accord- 
ing to this invention, to be monitored using a single 

30 meter. These plurality of functions as monitored by 
the present Invention include peak temperature, 
length of time over a predetenmined temperature, 
excessive temperature, peaks over a t^perature 
limit for both engine starting and operation modes. 

35 peak speed, length of time over a predetermined 
speed, total engine hours, and engine life cycle. 
Furtiiermore, none of ttiese patents enable aO die 
associated circuitry to be in a container having a 
cross sectional area smaller ttian the area of the 

40 display itself. 



SUMMARY OF THE INVENTION 

45 To overcome all of the at)ove discussed prob- 
lems, the present Invention defines an indicator for 
an aircraft which has a number of distinct advan- 
tages. According to one aspect of this invention, 
temperature alarm Rmits can be set, and peaks can 

50 be monitored during conditions of engine starting 
and operation conditions. This ability lo detennine 
between engine starting and continuous operation 
is detemnined by tiie engine rotational speed. 

The Indicator according to ttie present inven- 
tion can monitor peak temperature thresholds; 
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monitor time for overtemperature, monitor excss- 
swe temperature alarms: set temperature limits and 
monitor peaks for both engine starting and continu- 
ous operating conditions. peal< speed monitor: time 
over speed thresholds: monitor total engine hours: 
and monitor engine life cycle. All of these functions 
can be stored and displayed on a single display. 
All of the electronics necessary to the display can 
also be embodied in a very small container. There- 
fore, this multi-functfon indicator can be mounted 
on the instrument panel on an aircraft coclcpit in the 
space typically occupied by a standard display. 

The indicator of the present Invention obtains 
many of its advantages due to monitoring functions 
of belli temperature and revolution rate of the en- 
gine. Monitoring revolution rate of the enginer en- 
ables a determination of whether the enginge is in 
starting or operating mode. In starting mode, it is 
likely that the temperature of the engine will be 
higher than it will in operating mode. Therefore, 
based on the decision of whether the engine is in 
starting mode or operating mode, different tem- 
perature relations are calculated and displayed. 
Other aspects and advantages of the present in- 
vention will be discussed in detail herein. 



BRIEF DESCRIPTION OF THE DRAWING 

An exemplary and presentty preferred embodi- 
ment of the invention will be described In detail 
with reference to the accompanying drawings, 
wherein: 

RQURE 1A shows a block diagram of the 
structure used according to the present invention; 

RQURE IB shows a schematic perspective 
of the indicator of the present invention: 

FIGURE 2 shows a block diagram repre- 
sentation of the liquid crystal display driver struc- 
ture: 

FIGURES 3A through 3F show representa- 
tive display faces of the meter used according to 
the present invention; 

FIGURE 4 shows a ftow chart of the main 
loop of the program used according to the present 
invention; 

FIGURES 5A and 58 Show a flow chart used 
according to a 1.2 millisecond interrupt that op- 
erates many of the features of \he present inven- 
tion; and 

FIGURES 6A and 68 show a branch of the 
intentjpt routine. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENT 

FIGURE lA shows a block diagram of the 
5 structure used according to the present invention to 
obtain the metering function. A connector 110 is 
provided to connect aircraft systems 112 to the 
monitoring system 114. Tachometer 118 generate 
pulses related to the revolution rate of the engine. 
10 Tachometer 118 is connected to signal processor 
lis, which processes the pulses from tachometer 
118 to generate a signal indicating engine rotational 
speed. An output signal from signal processor 118 
is selectively coupled to a data bus 120. An ad- 
IS dress bus 122 is also coupled to signal processor 
118. 

A plurality of external switches 130 are con- 
nected through connector 110 to signal processor 
132. Signal processor 132 is also connected to 

20 both data and address buses 120 and 122. and 
processes the switch Inputs so that they can be 
utilized by the indicator. 

Temperature detector 134 is located In the 
aircraft, and detects a temperature of a tocation 

25 thereof. According to this embodiment the tem- 
perature detector structure 134 detects exhaust gas 
temperature, or EGT. and includes a thermocouple 
located to detect this temperature. Signal proces- 
sor and compensation circuit 136 receives the in- 

90 put from the thermocouple, compensates for the 
junction temperature of the thenmocoupie In known 
and conventional ways, and processes the signal to 
be input onto data bus 120. 

Power converter 138 is coupled to the source 

35 of aircraft power 140. Power converter 138 pro- 
duces a plurality of different supply voltages for 
use by the diftorent structures of assembly 1 14. 

The data and address buses are coupled to 
CPU 150 which coorcfinates the operation of the 

40 entire assembly. CPU 180 is also associated with 
an EPROM memory 152 which Includes the pro- 
gram for operation of CPU 150. Saatch pad mem- 
ory and the like is provided by memory 154. which, 
in this embodiment, is backed up by battery 156. 

45 Of course, this could also be accomplished using a 
nonvolatile memory. 

The output signals from assembly 114 are pro- 
vided through connector 160. A digitai-to-anaiog 
converter 162 produces an analog output signal 

so 164, appropriately selected by programming CPU 
150. which is adapted to be coupled to an extemal 
device. Some possible uses of this analog output 
include driving an additional meter, driving a warn- 
ing light or providing temperature and''or engine 

55 speed data to other equipment. 

Output driver 166 is also provided, which pro- 
duces an output signal 168. This output signal can 
also be used to drive a warning device, such as 
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bail reiay 169 or to connect to an aircraft system 
alarm. 

LCD cfiiver 170 drives Hquid crystal display 
172. This relatively simple structure therefore en- 
ables a plurality of values to be monitored and 
displayed as will be furttier defined herein. 

According to the best mode of the present 
invention, the CPU used is of the type NSC-600. 
The signal processors 118, 132, and 136 include 
structures such as A to D converters, operational 
amplifiers, latches and tri-state buffers. Those of 
ordinary skill in the art would certainly understand 
how to embody the different blocks of this diagram 
t>ased on the infomrtation herein. 

The detailed structure of LCD driver 170 is 
shown in RQURE 2. as driving the liquid crystal 
display. This structure uses three integrated circuit 
chips. 200 . 202 and 204 to drive display 172. 
Display 172 Includes an analog scale and a four 
unit digital display to Indicate a value, as well as a 
"warning" indicator that can be selectively lit. In- 
tegrated circuits 200, 202. and 204 are of the type 
S4520A. made, for example, by AI\4I Company. 

tn operathm. a pturailty of switches In switch 
element 130 are provided. These switches include 
read switch 131. reset switch 133 and calibration 
step switch 135. Since the display displays a plu- 
rality of different functions, read switch 131 is used 
to cycle between these different functksns. 

FIGURES 3A through 3G show examples of 
different display faces which are generated accord- 
ing to this embodiment by depression of read 
switch 131. RQURE 3A. for example, shows some 
of the vark>us elements displayed on the face of 
display 172. According to FIGURE 3A, analog tem- 
perature display 210 and digital temperature dis- 
play 212 tx>tfi show 930". The warning level Indica- 
tor 214 is set at approximately this level. Warning 
level indicator 214 is shown witti the temperature 
approaching the warning level, so that warning in- 
dicator 2161s on. 

As can be seen In FIGURE 1 B. chassis hous- 
ing 217 is attached to display 172. All of monitoring 
system 114 is contained within chassis housing 
217. Note that the cross-sectional area of chassis 
housing 217 is smaller than the area of display 172 
so that housing 217 fits entirely behind display 172. 

RGURE 36 shows the same display at 650*. 
Again, warning level indication 214 is set but the 
temperature is well t)elow this level so that warning 
indicator 216 is not on. 

FIGURES 3C and 3D show one of the monitor 
modes of this display. White the display will typi- 
cally be in the modes shown in FIGURES 3A and 
3B-that Is. the temperature indicator mode-, this 
nonmal mode can be exited and monitor mode 
entered by pressing read switch 131. Once in 
monitor mode, stepping between different param- 



eter displays is possible by repeatealy pressing 
read switch 131. The display alternates, vyithm any 
parameter display mode, from the parameter mne- 
monic to the parameter, to alternately indicate 

5 which monitor mode is being moicatec. and the 
value of the indk^ated parameter. 

FIGURE 3C shows start temperature peak 
mode which has a mnemonic of SPa. The start 
temperature peak value, shown in FIGURE 3D is 

10 940°. 

Operating temperature peak or OP.P= is 
shown In FIGURE 3E, with the value of 850« shown 
In RGURE 3F. Other possible information values 
displayed according to this embodiment are: 
15 Time above a certain temperature threshold. 
Engine speed peak (ES.P»). 
Time above 101% of the red line rpm of the engine 
(101 «). 

Engine operating hours with rpm greater than 48% 

20 of red line rpm (OP.H » ). 
Engine cycles (LCF»). 

This plurality of advantageous operations is 
availat>ie because of the single monitor structure 
monitoring functions of both temperature and rpm. 

25 By monitoring rpm, a determination can be made 
as to an operating state of the engine -whether the 
engine is starting or operating. By assuming that 
rpm below a certain value includes a starting con- 
dition of the engine, the conditions necessary to 

30 establish a warning condition are changed, based 
on whether the engine is starting or in normal 
operating mode. According to a preferred emt>odi- 
ment of the present invention, the engine is consid- 
ered to be in a starting mode when engine rpm is 

35 less than 48% of the red Qne. A temperature rela- 
tion can be more advantageously calculated in this 
way. For instance, a 888° centigrade warning 
threshold is established during the starting opera- 
tion. When rpm is greater than or equal to 48% of 

40 red line, the warning temperature threshold is set at 
827* centigrade. An activated segment on analog 
temperature display 210 will blink when the tem- 
perature is exceeded. 

The structure according to the present inven- 

46 tion operates according to flow charts shown in 
RGUREs 4 thorough 6B. The main operating loop 
of this flow chart is shown in RGURE 4. and will be 
discussed in detail herewith. 

Upon detecting a power on condition at step 

50 300. the system initializes and self tests at step 
302. The main loop begins at point 304. Initially, a 
"vector" is set to have a value of N at step 300. 
This vector will be discussed herein, and Is used to 
determine the mode of operation of the system: By 

56 setting this vector value equal to N. a nonnal mode 
is established. The vector can also assume values 
of S and C. with S indicating a show mode, and C 
indicating a calibrate mode. 
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At step 308. a frequency obtained from tacho- 
meter 116 and signal processor 118. is converted 
into a percentage rpnr^. This percentage rpm repre- 
sents a percent of the red line value that the 
tachometer is currently reading. As has been dis- 
cussed above, this percent rpm Is used for many 
functions, including to determine whether the en- 
gine is in starting or running mode. 

At step 310. the LCF counts are calculated. 
LCF refers to a parameter known in the art as low 
cycle fatigue. When an aircraft engine goes 
through cycles of fast and slow rpm, a certain 
amount of fatigue will be caused to this engine. 
Based on parameters known to those of ordinary 
skill In the art. a weighting is placed on engine 
excursions. This weight is proportional to. an 
amount of stress caused to the engine by these 
excursions through the cycfing in rpm. These ex- 
cursions are determined by storing a speed history 
including at (east maximum and minimum values 
over a certain period of time, in nwmory 154. At 
step 310. based on this speed history, an LCF 
count is calculated. This LCF count is a weighting 
factor, and accorcfing to one particular embodi- 
ments, is calculaled accorvflng to the f6lk)wing 
chart 
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At step 312. the appropriate display warning 
segment 214 is activated. This display warning 
segment 214 indicates a warning position, above 
which the exhaust gas temperature will indicate a 
fault occun^ence. This warning segment will be set 
at different temperature levels depending on wheth- 
er the engine is operating or starting. As discussed 
above, the warning temperature in this embodiment 
will be set at 888«C during starting, and 827«C 
during running. 

At step 314, the temperature is measured, and 
output as an analog signal on signal tine 164 at 
step 316. Temperature and rpm peaks, are 
checked for at step 318. Step 318 may aisp include 
the step of storing minimum and maximum peaks 
for use with the LCF caknilation of step 310. At 
step 320, the displays are updated. As discussed 
above with respect to RGUREs 3A and 3B, a 
digital display 212 of ttie temperature Is provided in 
nomial mode. Analog display 210 is also normally 
displayed. The digital temperature display 212 and 
anaksg temperature display 210 are botti updated 



during step 320. After step 320. the conti'Ol flow 
returns to point 304. to reenter the main loop. 

As can be appreciated from tiie above, not ail 
functions of tiie meter are performed in this main 

9 kxjp. RQURE 5A shows one of the operational 
intenrupts according to tiiis embodiment According 
to this embodiment, this interrupt occurs every 1 .2 
milliseconds. This 1.2 millisecond interrupt routine 
begins at step 330. A decision block occurs at step 

10 332. which determines if any exceedance has been 
recorded ^nce the previous interrupt. These ex- 
ceedances include, for instance, starting limits for 
temperature, operating limits for temperature, and 
operating speed above a certain (imrt. According to 

IS tills embodiment, starting limits which cause an 
exceedance are a) temperature greater tiian 832" 
for 55 seconds, b) temperature greater tiian 838'' 
for 40 seconds, c) temperature greater tiian 871* 
for 7 seconds, and d) temperature greater tiian 

20 888* for 3 seconds. Operating fimlte include a) 
temperature greater tiian 766'' for 60 seconds, b) 
temperature greater tiian 788'' for 18 seconds, c] 
temperature greater than 816" for 6 seconds, or d) 
temperature greater than 827" for 3 seconds. The 

35 operating speed limit occurs when ttte rpm is 
greater ttian 103%. 

If any exceedance is recorded, an electromag* 
netic ball relay is turned on at step 334. The bail 
relay is used to show tiiat an exceedance has 

30 occurred, and Is a magnetic device which, once 
switched, will remain in its previous state until 
reset Accordingly, by hjming on ttie ball relay, an 
Indication ttiat an exceedme has occumed wiil be 
provided and maintained until tt)e ball relay is 

35 turned off. Accordingly, without consuming any ad- 
ditional power, ttie exceedance will still be indf* 
cated. 

At step 336, the tachometer frequency is mea- 
sured. This is measured by counting tite time of 

40 one cycle of ttie tachometer and using this time as 
representative of tiie tachonteter frequency. It Is 
necessary to count this t^ometer frequency with* 
in the 1.2 milliseconds of the interrupt so tiiat 
tachometer frequency can be obtained before an- 

45 otiier Intenrupt stops this counting. 

At step 338, a decision Is made whetiier the 
frequency Is greater ttian ttie run or operating level. 
If tiie frequency is greater tiian ttie run level, the 
run flag is set at step 340. so that ttie remainder of 

50 the apparatus will determine that ttie aircraft is in 
an operation mode, if tiie frequency is not greater 
than ttie run level, a starting mode Is recognized, 
and ttie run flag is reset at step 342. 

The display ie updated at step 344. All of ttie 

55 information to be displayed on the indicator is 
stored in a register ttiat is included within memory 
154. The contents of tiiis register updates ttie dis* 
play at step 344. so ttiat ttie display is brought 

5 
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current every 1^ milliseconds. At step 346. the 
positiDn of switches 130 are read. At steo 348. the 
vector V is read from memory. Flow then passes to 
FIGURE SB. 

The first three steps in FIGURE 5B determine 
the value of vector V. A comparison of vector V 
with the value N Is made at step 350. A compari- 
son with value S is made at step 352. Finally, a 
oompartson wHh value C Is made at step 354. 
Based on the results of this comparison flow selec- 
tively passes to dKlerent locations. This flow will be 
discussed later herein. If the results of all of steps 
350, 352, and 354 are no -that is that the vector is 
neither N. S nor C. flow exits the intenupt. 

The different flow paths resulting from a posi- 
tive indication at the steps 350. 352 and 354 will 
now be discussed. 

If tlie vector V Is equal to N. this indicates that 
the meter is in nomial mode. In normal mode, step 
362 updates the overtemperature occumences. At 
step 364, a test Is made to detemilne rf anoth^ 
overtemperature occurrence is cunnentty In 
progress. If yes. warning segment 216 (see RG* 
URE 3A) is flashed at step 366 to indicate that a 
current exceedance of temperature limits exists, ff 
there are no current exceedances at step 64, how* 
ever, any warning which may be on the display Is 
cleared at step 368. 

At step 370. a test is made to determine if any 
switches have been depressed. A negative re- 
sponse to the test of step 370 causes an exit from 
the interrupt routine at step 371 . If any switch has 
been pressed at step 370. a further test is made at 
step 372 to determine If the switch 135 pushed is 
calibration switch 135. if calibration 135 switch has 
been depressed at step 372. the vector is set to 
the value C. and a mode value Is set to 1 at step 
374. This mode value represents the first of the 
various limits the indicator can monitor. At step 
376. the calibration value is displayed until another 
intenrupt occurs. 

If calibration switch 135 has not been de- 
pressed at step 372. the vector is set to the value 
S, with the mode agalh set to value 1 indicating the 
first of the various limits has been selected. At this 
time, control also passes to RGURE 6B which will 
be described later herein. 

If the vector is determined not to be N at step 
350. a test is made at step 352 to detennlne if the 
vector is S. If the vector is S, control passes to 
location 6A shown in RGURE 6A. 

In RGURE 6A. at step 400, the frequency Is 
converted to a percentage rpm. At step 402, the 
LCF counts are calculated, and at step 404, the 
temperature is measured. The times above pre- 
determined limits are calculated at step 406. if any 
current exceedances are detected at step 408. 
control returns to Ideation 4 in tiie main loop of 



FIGURE 4. iHowever. if there are no cunrent ex- 
ceedances detected at step 408. step 4iO deter- 
mines whether any new switch has oeen pressed, 
if not. an exit from the sutxcutine .s executed ai 

5 step 412. However, if a new switch has been 
pressed at step 410; it is detemiined at step 414 
whett)er ttiis is reaa switch 131. and at step 416 
whether this is the reset switch 133. if neither of 
tiie read nor reset switches have been deoressed. 

10 a return from the intenupt is executeo ar step 418. 

If read switch 131 has been determined to be 
tiie switch pressed, the first test made is Aether 
the device is in tiie last mode at step 420. This last 
mode indicates tiie last of tiie various limits has 

16 been displayed. According to tiiis embodiment, 
tiiere are 15 separate display modes. After cycling 
thmugh tiiese 15 display modes, the last mode is 
detected. If a last mode determination is made. 
Instead of incrementing to tiie next mode, tiie me- 

20 ter will return to normal mode i^on the next read 
switch initiation. Accordingly, flow will tiien pass to 
location 4 in RGURE 4 of tiie main loop, if last 
mode is not determined at step 420, an incrennent 
to next mode Is carried out at step 422. After step 

25 422. contit)! passes to point 6B in RGURE 6B. 

In step 424 of RGURE 6B. tiie mode time is 
initialized to monitor tiie length of time tiiat a par- 
ticular mode is displayed. After a certain amount of 
time, the display will return to ttie nonmal mode. 

so According to tfiie embodiment the mode time is 
12.8 seconds. After ttiis mode time is initialized, 
tiie mode parameter will be displayed for 1.8 sec- 
onds at step 426. The display parameter value is 
subsequentiy displayed for a subsequent 1 .6 see- 
ds ends at step 428. During this time, interrupts are 
still occuning, so tiiat other operations besides 
displaying a value will continue to occur (such as 
updating display, etc.). 

At step 430. a determination whetfier tiie mode 

40 time is greater ttian 12.8 seconds Is made. If the 
mode time is greater tiian 12.8 seconds, control is 
once again returned to ttie main loop at location 4 
of RGURE 4. However, if mode time is not greater 
than 12.8 seconds, control again passes to step 

45 426 to continue alteniatety displaying tiie param- 
eter and the parameter value. 

All of tiiese operations have occurred due to 
read switch 131 having been pressed at step 414. 
However, if read switch 131 is not pressed at step 

60 414. it is detemnined whetiier reset switch 133 has 
been pressed at step 416. If so. the value of the 
particular mode is reset at step 432. Control again 
then passes to location 8B in RGURE 66 so that 
tiie mode parameter and display parameter can be 

95 altemately displayed for tiie allowable time of ttie 
mode. 

Returning to RGURE 5B. if tiie vector is deter- 
mined not to be S at step 352. a further test is 
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made at step 354 to determine if this vector is the 
vector C. If not. the interrupt is exited, and control 
again passes to the main loop. However, if the 
•/ector equals C. it is tested at step 356 whether a 
new switch has been pressed. If not control again 
exits the interrupt at step 380. Whether calibrate 
switch 135 has been depressed is again deter- 
mined at step 358, If not, it is determined whether 
reset switch 133 has been depressed at step 360, 
with a negative result exiting the intenrupt at step 
382. If the calibrate switch has been depressed at 
step 358. step 432 makes a determination whether 
the last calibrate mode is currently in progress. If 
yes. control passes to point 4 In RGURE 4 and 
again joins the main loop. However, if the last 
calibrate mode is not detected at step 432. the 
calibrate mode is incremented at step 434. 

If reset switch 133 is determined to have been 
depressed at step 360, the calibration value Is 
calculated or stored at step 436. Control then 
passes to step 376 where the calibration value is 
displayed. If reset switch 133 has not been de- 
pressed, the increment calibrate mode has oc- 
curred at step 434. and control thereafter passes to 
step 376 where the calibrate value is displayed. 
This calibration value is continuously displayed un- 
til another interrupt interrupts the operation. 

It can therefore be seen that, according to the 
present invention, an advantageous function is 
made available by the relatively advanced, yet sim- 
ple In construction, structure of the present inven- 
tion. Because both functions of rpm and tempera- 
ture are obtained by the structure, different tem- 
perature limits for start and operate are possible. 
Purthemnore. both the functions of temperature and 
functions of engine rotational speed can be dis- 
played on this single relatively simple display. The 
electronics of the display can be mounted in a 
container having a cross sectional area smaller 
than the size of the display-but yet sixteen func- 
tions can be performed by this structure according 
to the present Invention. Therefore, significant ad- 
vantages would be obtained when using this struc- 
ture in the field of aircraft design. 

Although only a few exemplary embodiments 
of this Invention have been described in detail 
above, those skilled in the art will readily appre- 
ciate that many modifications are possible In the 
exemplary embodiments without materially depart- 
ing from the novel teachings and advantages of 
this invention. For example, this structure could be 
used with any type of display, not just a liquid 
crystal, and modifications in the program are possi- 
ble which would not affect the inventive concepts 
thereof. 

Accordingly, all such modifications are intend- 
ed to t)e included within the scope Of this invention 
as defined In the following claims. 



Claims 

1 . An indicator assembly for an aircraft that has 
an engine, comprising: 

9 selecting means for selecting one of a plurality 
of InfonfTiation values to t>e displayed, said plurality 
of information values including infonmation values 
indicative of: a) temperature of saio engine, b) 
revolutton rate of said engine, and c) temperature 

10 of said engine as a function of revolution rata of 
said engine: 

processing means, coupled to signals indica- 
tive of a temperature and a revolution rate cf said 
engine, for detemnining a cun^nt value of said one 
;s information value based on at least one of said 
temperature and said revolution rata of said engine, 
and producing a display signal Indicative thereof: 
and 

display means for producing a display output 
20 based on said display signal. 

2. An indicator assembly as in claim 1 wherein 
said processing means is also for: 

comparing said revolutkm rate of said engine 
with a pnsdetemiined threshold to determine an 

39 operating state of said engine, said operating state 
being an operating mode when greater than said 
threshold and an starting mode when less than said 
(hreshoki, 

determining a temperature reference based on 
30 said temperature of said engine and said operating 
state, and 

computing a temperature relation as a function 
of said temperature of said engine and said tem- 
perature reference and wherein said selecting 
38 means can also select said temperature relation to 
be displayed. 

3. An assembly as in claim 1 wherein said 
processing means is also for 

comparing said revolution rate of said engine 

40 with a predetermined threshold: and 

producing a different display signal for each 
limit said display signal being displayed on said 
display means. 

4. Assembly as in claim 1 wherein a plurafity of 
46 different ones of said information values can be 

sequentially displayed, and wherein said selecting 
means sequentially cycles between different ones 
of said plurality of infonmation values. 

5. Assembly as in claim i further comprising: 
50 memory means for storing maximum and 

minimum revolution rates within a predetanmined 
time period: and 

means for determining a low cycle fatigue 
value using said maximum and minimum revolution 
55 rates. 
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6. Apparatus as in claim 4 wherein one of said 
information values ts normally being displayed, and 
said selecting moans selects one of said plurality 
of information values other than said one which (S 
usually being displayed. 

7. Apparatus as in claim 6 wherein temperature 
is said value usually being displayed. 

8. Apparatus as in claim 6 wherein said in* 
formation values other than said one which Is usu- 
ally displayed, is displayed for a limited time, after 
which said one information value which is usually 
displayed, is again displayed. 

8. Apparatus as in claim 6 wherein said pro- 
cessing means is also causing a flashing dis- 
play between a title Indicative of an information 
value, ar)d a number Indicative of a value of said 
information value, when an information value other 
said usually displayed information value is select- 
ed. 

10. Apparatus as in claim 6 further comprising 
a ban relay, coupled to said processing means, for 
Indicating a warning condition. 

11. Apparatus as in claim 6 wherein sad dis- 
play means includes a warning indication area 
thereon said warning inclcatlon driven by said pro- 
cessing means. 

12. Apparatus as in claim 9 further comprising 
a plurality of buffers for receiving input signals to 
be coupled to said processing means. 

13. Apparatus as in claim 12 further comprie- 

Ing: 

means for obtaining a measurement of a 
temperature of said engine and producing a tem- 
perature output incBcoth^ thereof; and 

means for obtaining a measurement of a 
revolution rate of said engine and producing a 
revolution output indicative thereof. 

14. Apparatus as in claim 6 wherein said dis- 
play means is a simple display.input signals to be 
coupled to said processing means. 

15. Apparatus as in claim 6 further comprising 
a chassis in which said processing means and said 
selecting means are mounted, said chassis t>eing 
of a cross sectional area, smaller than an area size 
of said display means. 

16. An indicator assembly for an aircraft with 
an engine, comprising: 

procesdng means for. 

a) receiving signals indicative of a tempera- 
ture and a revolution rate of said engine. 

b) comparing said revolution rate with a pre- 
determined threshold of revolution rate to deter- 
mine an operating state of said engine, said operat- 
ing state being an operating mode when greater 
than said threshold, and a starting mode when less 
than said threshold. 

c) determining a temperature reference 
based on said operating state, and 



d) computing a temperature relation as a 
hjnction of saod temoerature reference and said 
temperature of said engine: ana 

means for Oisclaying said temperature relation. 
5 17. An assemoiy as ?n ciaim 16, further com- 
prising mode selecting means for selecting one of 
a plurality of an information values, to oe displayed. 

18. Apparatus as In claim 17 therein one m- 
formation value is usually displayed, and other in- 

10 fonnation values. Including said temperature rela- 
tion, are selected by an operation of said mode 
selecting means. 

19. Apparatus as in claim 18 said usually dis- 
played infonnation value is temperature. 

7S 20. Apparatus as in claim 18 wherein there are 
a plurality of Information values.* and said mode 
setting means switches between said plurality of 
Information values by choosing a next information 
value In a serial onjer. 

20 21 . Apparatus as in dalm 1 8 further comprising 
a chassis housaig said processing means, wherein 
said chassis has a cross-eectionai area of a smaller 
than an area of said displaying means. 

22. An indicator assembly for an aircraft en- 
25 gine, comprising: 

a display: 

means for selecting a particular Information 
value to be displayed from a plurality of information 
values, said plurality of infOmnation values Including 
30 values Indicative of: a) temperature, b) revolution 
rate and c) functions of temperature as compared 
with a referance that Is based on revolution rata: 
and 

processing means for: 
OS a) receiving signals indicative of temperature 

and revolution rate of said engine. 

b) normally displaying a temperature of said 
engine on said display. 

c) detecting a selection by said selecting 
40 means: 

d) obtaining a value indicative of said par- 
ticular information value, only for a predetermined 
time after said c) detecting a selecting function, 
and 

45 e) displaying said value only while it is being 

obtained, said displaying being on a same display 
area that said temperature is normally displayed 
on. 

23. Apparatus as in claim 22 wherein said 
60 processing means is also for f) flashing between a 

label indicative of said Information to be displayed, 
and a value of said infonmation to be displayed. 

24. Apparatus as in claim 22 wherein said 
display Is a stmpie display. 

55 
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25. Apparatus as in claim 22 further comprising 
a chassis for mounting said selecting means and 
said processing means, said chassis having a 
cross*$ectional area smaller than an area of said 
display. 

20. An indication assembly for an aircraft en- 
gine, comprising: 
a display; 

means for selecting a particular Information 
value to be displayed on said display from a plural- 
ity of information values, said plurality of infbrma- 
tion values Including: 

a) a condition during starting mode where 
temperature is greater than a first threshold . b) a 
condition during operation mode where tempera^ 
ture Is a greater than a second threshold, c) revolu- 
tion rate greater than a danger revolution rate times 
a proportionality constant, d) peak temperature vai- 
ue during start mode, e) time above certain tem- 
perature during start operation, f) peak temperature 
during operating mode g) time akx)ve certain tem- 
perature during operating mode, h) engine speed 
peak. I) time above a red line value of revolution 
rate times a proportionality constant, j) engine op- 
erating hours in operating mode, and k) engine 
cycles; 

processing means for: 

a) receiving signals indicative of temperature 
and revolution rate of sM engine: 

b) normally displaying a temperature of said 
engine; 

c) detecting a selection on by said selecting 
means: 

d) incrementing a pointer each time a select- 
ing by said selecting means is detected, said point- 
er indicative of which of said plurality of information 
values is selected; 

e) obtaining a value indicated by a value of 
said pointer, said obtaining occurring only for a 
predetermined time period after said detecting a 
selecting function; 

f) displaying on said display said information 
value indicated by said pointer, alternately witti a 
tabel indicative of said information value, flashing 
between said label and said value occuning at 
predetermined inten^als, said displaying occurring 
only during said predetermined time period after 
said detecting a selection function: and 

g) returning to said display of a temperature 
of said engine and resetting said pointer after said 
predetenmined time period elapses, unless another 
selection is detected: and 

a chassis attached to said display and housing 
said selecting means and sakj processing means, 
said chassis having a cross sectional area of a size 
smaller than an area of said display. 



27. A meti^od for indicating a plurality of m* 
formation values on a display in an aircraft tiiat has 
a engine, comprising the steps of: 

selecting one of a plurality of information 
5 values to be displayed, said plurality of information 
values including information values irKllcative of: a) 
temperature of said engine, b) revolution rate of 
said engine, and c) temperature of said engine as a 
function of revolution rate of said engine: 
;o receiving signals indteative of a temperature 

and a revolution rate of said engine: 

determining a current value of said one 
Information value based on at least one of tempera- 
ture and revolution rate of said engine: 
16 producing a display signal indicative thereof: 

and 

displaying a display output based on said 
display signal. 

28. A method as in claim 27 comprising the 
20 further steps of: 

comparing said revolution rate of said engine 
with a predetermined tfireshotd. to determine an 
operating state of sM engine as being In an op- 
erating mode when greater than said threshold and 
26 In a starting mode when less than said tiveshold, 
determining a temperatijre reference based on 
said operating state, and 

computing a temperature relation as a function 
of said temperature of said engine and said tem- 
30 perature nsference. 

29. A metfKHj as in claim 27 comprising the 
further steps of: 

comparing said revolution rate of said engine 
with a predetermined titreshold; and 
36 producing a different display signal for each 

limit, sakl output being displayed on said display 
means. 

30. A mettiod as fn claim 27 comprising ttie 
further steps of sequentially displaying different 

40 ones of said infonnation values, and sequentially 
cycling between different ones of said plurality of 
infonnation values for each selecting. 

31. A method as In claim 27 comprising the 
further steps of: 

45 storing maximum and minimum revolution 

rates within a predetermined time period: and 

determining a low cycle fatigue value based on 
said maximum and minimum values. 

32. A mettiod as in claim 30 wherein one of 
60 said Information values Is normally being dis- 
played, comprising tiie further steps of selecting 
one of said plurality of information values otiier 
than said one which is usually being displayed. 

33. A mettiod as in claim 32 wherein tempera- 
55 ture is the value usually being displayed. 
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34. A method as In claim 33 wherein said 
information values other than said one which is 
usually displayed, m only displayed for a limited 
time, after which said one information value which 

is usually displayed, is again displayed. s 

35. A method as In claim 30 comprising the 
further step of causing a flashing display between a 
title indicative of an Information value, and a num- 
ber indicative of a value of said information value, 
when an information value other said usually dis- w 
played information value is selected. 

36. A method as in claim 30 further comprising 
the step of calibrating said meter. 

37. A method for indicating Information values 

on with an engine, comprising the steps of: /s 

receiving signals Indicative of a temperature 
and a revolution rate of said engine: 

comparing said revolution rate with a predeter- 
mined threshold of revolution rata to detenmine an 
operating state of said engine as being in an op- 20 
erating mode when greater than said threshold, and 
in a starting mode when less than said threshold: 

determining a temperature reference based on 
said operating state; 

computing a temperature relation as a function ss 
of said temperature reference and said temperature 
of said engine: and 

displaying said temperature relation. 

38. A method as in claim 37 comprising the 
further steps of selecting an Information value from so 
a phjrality of information values, to be displayed. 

39. A method as In claim 38 wherein one 
information value is usually displayed, and other 
infomnation values are selected in said selecting 
step. 35 

40. A method as in claim 40 wherein said 
usually displayed information value is temperature. 

41. An method of Incficating information in an 
aircraft engine, comprising the steps of: 

selecting a particular information value to be 4o 
displayed from a plurality of information values, 
said plurality of Information values including values 
indicative of; a) temperature, b) revolution rate and 
c) functions of temperature as compared witii a 
reference tiiat is based on revolution rate: ^ 

receiving signals Indicative of temperature and 
revolution rate of said engine; 

normally displaying a temperature of said 

engine: 

detecting a selecting in said selecting step; so 
obtaining a value indicative of said particular 
information value, only for a predetenmined time 
after said detecting a selection step: and 

displaying said value only while it Is being 
obtained, said displaying t}eing on a same display ss 
area that said temperature is normally displayed 
on. 
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